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@ SLM apactrametar. 

@ A SLM spectrometer b provided that emptoya 
an entrance altt (40) or a ooiOmator (42) to 
provide parallel raya of radiation to a prism (44) 
which disperses the incident radiation into an 
assodated wavelength apednmi. The resulting 
spectrtjm from the prism (44) is incident upon a 
spatial iloht modulator (SLM) (46). auch aa a 
defonnatsle minor device (DMC^. By aetocUvely 
activating (or deactivating) a small portbn of 
the surbce of the SLM. Le. a cell on the SLM. It 
ia possible to aelectlvely rsftect or transmit a 
portion of the apadrum Incident upon the SLM 
onto e focusing device, auch aa a parabdte 
focudng mirror (46). The focusing device in 
turn fbcuaes the portion of the spechum refleo- 
ted by the seieotBd cells on the SLM to a sensor 
(50). The wavelength elected b a function of 
which row of ceOa are activated (or deactivated) 
ki the SLM. The SLM spectrometer of the pro- 
sent Invention may be used to anal^ visible 
light and light that ia near vtsitrie. such aa the 
near inframd or ultraviolet regions. The output 
of the sensor or detector may be appropriately 
ampl»ed and after' appropriate caHbration em- 
ployed to determine the amount of energy in a 
particular wavelength or band of wavelengths. 
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BACKGROUND OF THE INVENTION 

Thto tnvertfkm relates to spectrometera. and 1^ 
parttcularty, retatas to apadremetare amployhg a 
spatial light mo(fiilBtor (SLM), audi as for axample a 8 
daforirable mirror dflvico (DMD). 

Spectrometers ftfnctlon uatno the prindpte ofdts- 
peraton of ItgM which occurs when rays of^ht are de- 
viated, typlcaHy by a dEfflradlon grattng or when ce- 
firadad throush a prIam. Dtffiadlon oratfnga behave io 
optically Rktt a multlplicfty of very itarrow Individual 
Gifts which cause Itght rays to devtatad at angles 
depending upon the wavelength of those rays. 
Prisms cause dispersion of lightslnce the angle of de- 
viation of a light ray as It passes through a prism Is a f 5 
hinctton of Hs wavelength; thb wavelength depend- 
ent angular devtaHon b due to the fed that optical ma- 
terials exhibit d^erlng Indices of refraction for differ- 
ing wavelengths. Spectrameter systems using a 
prism aa a dteperslng element have Inherent advan- so 
toges over those using a diffraction (^rxi-type dis- 
persion element ehioe they are more efflctent In 
terms of I^ht transmission and tees troubled t>y any 
stray llghL Accordlngty, many exlsdng designs of 
spectrometers employ prism-type dispersion ele- 28 
ments. 

In existing spedrometars, light transmUsd 
through a sift Is dispersed using a direction gratlr^ 
or prism. The dispersed tight la t hen Imaged onto a de- 
tection focal plane, which typlcaOy contoins an array so 
of minute photosenslttve elements. Most spectromet- 
ers Include a ooflimator to make all the light raya Inci- 
dent on the grating or prtsm parallel. Colllmation Is 
necessary to oontrd aberrations which result when 
non-conimated light Is transmitted through the dls- 3S 
perslng element However, current spectrometers are 
relatively bulky Instruments alnce the optical ray 
paths tend to be febiy long. In addition, currant 
spectrometers require mechanical motion and rotate 
the dispersing element to scan wavelengths pastthe 40 
detedbrs. Theae mechanical motions cause vibra- 
tions and result in wear, whteh may causa alignment 
snd/or calibration proUenns. 

These and other Ibnltetlons and disadvantages of 
the prior art are overcome by the present Invention. 45 
An SLM spectrometer Is provided tor measuring the 
amount of energy assodated wtth various wave- 
lengths In a spectrum. 

SUMMARY OF THE INVENTION 09 

In a preferred embodiment of the present Inven- 
tion, an SLM spectrometer is provided. More particu- 
larly, the spectrometer of the present hvenflon em- 
ptoys an entrance silt and/or a conimator to provide 58 
parallel rays of radiation to a prism, grating, or any 
other type of wavelength dispersing element which 
disperses the radiation Incident thereon into a spec- 


trum of wavelength of various orders. A spectrum re- 
sulting from the prefaned prism (or other dispersing 
etemenQ Is made to be Incident upon a ^>attal light 
modulator ^LM), audi aa a detormable mirror device 
(DMD), e magneio-optic moduTator. or a liquid crystal 
device (LCD). By selectively activating a small portion 
of the SLM, tttspoBslbletoeelecttvelyrtfledor trans- 
mit a portion of the epedrum Incident upon the SLM 
to a focusing device, which to prefSvably a parabdto 
fbcusb^ mirror; othertypes of fbcusbig devices, such 
as another type of mirror, a lens or lens system may 
be employed. The focusing device In turn focuses the 
portion of the spectrum reflected or transmttted by 
the activated portion of the SLM aurfece to a sensor 
or detector. Alternatively, the foouslng device may fo- 
cus the portion of the spectrum reflected or transmit- 
ted by a deactivated portion of the SLM surface to a 
eensor or detector. Also, fbr some embodlmento, the 
SLM and fbcusing device may be confined into one 
device. 

The SLM epectronteterof the present Invention 
may be used to analyze visible light end Oghtthat is 
near vtstUe, such as the near Inftared or uttTBvldet re- 
gions. The output ofthe sensor or detactormay be ap- 
propriately amplifled and, after appropriate ealibra- 
Oon (using a known wavelength of known Intensity), 
employed to determine the emount of energy In a par- 
ticular wavetength. or band of wavelengths. The par- 
ticular wavdength (or band of wavelengths) meas- 
ured by the detector Is a function of the wavelengths 
to the spectrum ftom the preferred prism dispersing 
element that ars Inddent upon the surface area "ao- 
ttvatod" (or 'deactivated") In the SLM. In thb manner, 
the SLM spectrometer of the prssent Invention ellm- 
toates the overall mechanical motion raquBred of con- 
ventional spectrometers employing either roteting 
prisms or rotating gratings, le. those that must rotate 
the prism or gr^ to select the wavelength(s) 
measured by the detector. 

It is an object of the present Invention to pravkle 
an SLM spectrometer. 

It Is an object of the present Invention to provide 
a spectrometer that does notreqube overall mechan- 
ical motion ofthe radiation dispersing demente once 
the dispersing demente are fbced relative to the radi- 
ation paths. 

Accordingly, these and other obtjecte and advan- 
tages of the preaent Invention wHl become apparent 
from the fdlowlng detaOed description, wherein refsr- 
ence is made to the figures in the accontpanylng 
drawings. 

IN THE DRAWINGS 

Figure 1 deptote a tonctional l)lock diagram of 
componente of an SLM spectrometer of the present 
Invention. 

Figure 2 deplete a general arrangement of com- 


2 


3 


4 


IKmanta or an 8LM«p«Aomfitarofth« pn«i«tnv«K 

Bwil or coinpanantt or «a 8LM «p«etEiimfi!4r of th» 
pniMminwHuasi, 

Fl^ 4 dtoplA • fl»n«fia| armngeinaat cf ths 
cnnqMmnte «r «ii SliU spmboowlBr or tiift praswt 
tnmtftm «n«nQ»d for « tt«r^^ 

Vitfun 6 depict! « ssnarel onan^aawit of the 
eannMnBnti of vi 8UI tiMctramater of tht premt 

DETAILED DBSCimniQN 

MMno new lo Rgiiro t , th«ra ba taan • 
•Implfftedfimofional UodccflaQmnof compmritBoT 
9n SUA simclranolBi^ oTUw prsaBni bft^ 
partfnMy, ttm may to seen a oofltofltor to 
retMlefa aOam 12 to b« anatyzsd feito a paraOol 
baam H thslbOa upm adlqianlicig alaimnt l&Tha 
dS^mtn^ atamoftt 18 dlspanea tha paealM baam 
Ulntoadtape(«o4.ariaarw«valan8th«pttclruml8of 
mtnji oittatk Pnfofal)^, an oitter \$ ntseted ^ 
amd^ that doea rwtovertap «{th any oCfwonla^ 
Ttw h^Btier iho oid«i( ths mora a^mftl tba •pa(>^ 
Inim bacfiiim A apafbl noM oiodkiatv pjyO 20 la 
- l»^Bonea to rftcahn at laaat a porto of Um aaleetetf 
onfar ofvawaleiisth Bpecbruinon tta acttva aurfaoa 
21. Although da^(MaaarenBattratyi»SlU.tfta 
SUfl20m8vbaatran«nte^orraf1ectlvatypaofda- 
vica. The SUI 30 oord^ an array of caUaon Ka 80- 
tha aurf^caai ttatmay ba aelacCiValy and lndfvldOa(- 
ly acttraM, and tha srr^ may tw Unoar or aerial; 
thasa aetts on tha^M 20 may ba v«ry email. Tite 
8LM of the praaant tmndon maybe, foraxaiq^ but 
oot Mad to. a dsfbrmalte minor tfavtoa (DM0). a 
(Iquld oryitel datrfoa (LCD), or a ma^netD-optJo mod- 
utafor, andmay amplay a finaaror aerial array ofauoh 
fypaa of davteaa^ 

Ttia aeflvatad oed (or oeUa) of Un SUM 20 tmna- 
in{tarreflac(22 ttid portion of tha tt«v«(ar^h apao* 
6imt 18 fiMtdMit l&aneoii. Altarnif{«^ a daaetfvatad 
can (or caSa) or tha 6LM ^ tranttnft or reflact 23 1 bat 
portion of tha wavalansth apodnim 18 tnddant 
kttaraon. Thb aaeaetod porfibn of w«aians(h 22 ta 
then fbcuaail by a liKwrino davlee 2( onto a faoal 
p(an«28. AdsMor 28 b poaUonsd at thafocaf iriana 
26 and laoatvaa tha tatoctad latffatton aa Onoa 
aUQnadfbrtbaaap^ortharadtstfonbaame tnthta 
maimer. tl^ooroponantaraaybahMkBd&nothasa 
poaiiionat 

Tha signal from tha daMor 28 may ha appra^ 
prEata^ amitfinsd by an ami^ 30 and pray^ a» 
an ou(put32. or prafarably piDvkiad aa an mputtD a 
pfooaaaor^Arhlch may baa mtoroprocesioi) 34, Tltia 
pmcassor 34 ^ turn nrtay oontrol or aaleet which eaOa 


ofthaSUIIaraaothntad(ordaa0Hv«A«d!) and 80001^ 
Ini^ may eomUm tha aalaobNl wMansih wtth tha 
datscted algnal ta piorida «n Nanafty vaiiiM vo^ 
lao^apedrom aa an oatpui82. Tha prooasaor pr^ 

a hmattly ooiita&w approprlata aoflwara ta oouttoi ttta 
8LM and mtka ariadad QUtputib Tba piocaiaor 
may fllao oootaln aeftwaft (tar analyzing andibr ad- 
>nfii^ tha alanalaliQmtha dalaelor. 

RaiarAtg Mwtangura2^ ttmay tMiaan tha!<ma 

io arabodbwmt of lha BUA apaotramaior of tha praaant 
tnvanSon pnsfisrably annptoya an antranc»dft401b^ 
lowad by an appropriata ooilbnatloi) lena. or tana 8y»> 
tamii ^to anaura thattha rayaorradteOon to ba anft* 
QisBd that am possino thRKQEih to tha dbpamhig alo- 

fa manl44«r»amvartBd tftpanllet baantapilof totns(> 
danoauptti tiiadtopaialn9a(6nnaitf44, Aifchouflh both 
■ dl 40 and OQllknalor 42 are d^pfctsd h 2, 
atthar ona may ba mjAs^ wOhou! tha othar. 
hi addiBim. K may ba Man thatan 8LM 4>aGtK«v 

20 ^rOarttepcaaanttnvan&HtpraCftmblyompjoyea 
oonvantonaf pitamaalta dlspantngatatnant44 tod^ 
paraa tha Mdont paraSal redbSon baam Into 8 dla- 
partad, llnaar anwHangth apactrum of vaitotia o^ 
dara, whara wavafongth (a datarrabiad by imsltton 

19 wAhtn tha QMarmnga of tha apMlrum output itam 
tha pKim. In addlSoiu the dtepan^ pniar or the 
pffcn may ba aalaoM baaad upon th« fntandad use 
of thaapactramatarof tha prasant hvamton. Mora 
par&tulafty, whan higher maoluUofi la naatfed, a 

» piUm^hlOhertndiBaaofmfiracQonmaybaampb^ 
andthsapaeingbatwaanlhapitan ttnd$LM48ln- 
oceaaadtopimldaaptqmloaOylnoraaaadwavaraiio^ 
apac^ attha SLM 46; andtora h^{har order may 
ba employed. Also aavmt 8LM*a may be approx^ 

95 mafealy arran^atf and amployad aa an "axtendad* 
SLM for auch btcroaeed wavelength apactruma. 
Other dfe^Mrebig meane 44 may be employed, such 
tf ftvaxampla, butnotamttad to AiaftacSon ortmna- 
mNsion sraflna. Tha dlaparaad walongth apaotrum 

49 ftomthapftontsmadatofiBnuponasp^lIghtmod* 
utalDr^LM}4Q,whlchla prarenoblya dafovm^antliv 
n)rdBvioa<ab8>}. 

A D»ffi nwy Qonalat tf a Rnaar or aarW array of 
mlcromfirron that may ba aelaoHvafy ac&vated to 

4S tata to praaaEaeted anglaa. 08. Patent No. 
84181,048, iaaued Octobr2d, 1^1. and aas^gnad to 
'fexaa tnttarumanta tmpoiatad dasoribaa wma ax- 
amplaa of DfifflX such aa th« toralon beam DMD, 
and Ineofponitad haratn by raferanoa. Qanarally, 

» torsion baam OMD davton may bava a no appOad 
vQ&8ya,orraaflngatata.8 poaftlvaangtaordaftootron 
Crandfng ffon tha applladaon of a poaltlve voftaoa) 
and a rtegfitK>e an^a or deflactioo Resulting fipom the 
appUOBtlon era nagaova voltag^ Othar OMDrnlrrem 

9 mayba«ichthatthoaaledadRibrror(ormirrar4mBy 
ba posltloiiBd at a varfabla and pmaalactad an^ 
baaad upon tha appltc^ion of a variabta and praa^ 
lecCed VQltaga to tha mbroi; Othar typaa or SLht 48 
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dovtoes may bo employed Instead of a DMD In the 
SLM spedroftratar 6 of tha presant tnvantkNu 

The SIM apactnamatar of tha preaant Invantion 
may be u«ed to analyza vtetUa llgM and rfghtthatta 
nearvblbla.auchaathdneartnfntfedvuHravloletra- 5 
glona. Thaoutput of the aanaor or detector may be ap- 
propriately amplined and. after appropriate calibra- 
tion (uBlr^ a known wavalangtti of known tntanalty). 
amployad to determine tha amount or anaroy ki a par- 
ticutar wavdength. or band of wavalengtha. The par- 10 
tieular wavafangth (or band of wavalet^hs) meaa- 
uiBd by tha detector la a f^on of tha wavelanotha 
In the apectrum from the preferred prisn dbperslng 
element that are tnddent upon the airface area "ao 
thfated«(orMeactlvate<0 In the SLM. In thlamanner. 15 
the SLM apectrometar of the preaant hventten ellm- 
Inatea the overall mechanical motion rsqulred of con- 
venttonal spectrometerB employing erthar rotating 
prisma or rotating grathga, Le. those that must rotate 
the prism or gra^ to select the wavaiength(8) so 
measiffed by the detector. 

Refiarring now to Rgura 3, another type of SLM 
90 empjoyed In the SLM apactrametar 7 of the pres- 
ent invention m^ be a linaar army of amaD optical fib- 
are 82 (arranged alde-by^^ida) dlwsad to racelva 25 
the dlsperaed spectrum into one end (inlet) and pass 
their raspecttve discrete portfona of the apectrum out 
at the other end (oufiet) to a detector lOa in addition, 
each optical fiber contains an optical shutter (or 
switch) 93 between the inlet and outlet ends. The opt- so 
leal ahuttera or switches 93 are normally dosed to 
block any radiation in theb- respective optical fiber 92 
firom the detector 1 00, and are asiactlvaiy opened to 
analyze tha apectrum Incident on the array of fibers. 
After the optical shutters 93, tha optical fibers are ss 
twisted and aligned to focus their respective output 
radiation onto the detector 100. An array cf small liq- 
uid crystal devices (LCDs) may be postioned in a par- 
allel set of openings In the array of fibers and may be 
employed as the optical shutters. The absorption wa- 40 
vel6ngth(a) of the type of optical fiber employed must 
be outelde the wavelengths of the spectra of interest 
Forthis smbodlment, the SLM and focusing device of 
Figure 1 are combined Into one device. 

The spacing between the SLM 90 and the prism 4S 
80 is a function of the amount of dispersion of tha 
prism (dispersion power) and the aerial extent of the 
active surface of the SLM. such aa ttte size of tha ar- 
ray mbrora on a DM0 device. More particularly, the 
apadng should be such thatthe total apectrum of wa- so 
velengtha desired to be analyzed exiting fiom the 
piism falls upon the acthra surfiace (or surfaces) of the 
Si^ device (or devices). As noted herebtbefbre, a 
plurality of SLM'a may be configured as an "extend- 
ed* SLM and employed to provide for increased rsao- sa 
lution. Atypical size of a DMD mirror b approximately 
12 microna by 12 microns, although other sizes may 
be made and employed in the present invention. Ao- 


oorvnngly. depending upon the dlspersli^ power of 
the prism end the prism to SLM spacing, a reiaftvefy 
narrow band of wavalengtha wiD be focused onto 
each aotfvatebia portion of an SLM'a acdve surf^Ktes. 
auoh aa a raw of DMD m&rrora. 

Thus, a row of DMD mirrore aligned with the opt- 
ical axia (of tfia prism) may be aeiecthrety activatod (or 
dsactlvatod) to cause the radiation Inddont upon the 
mirrors to bounce off the mhtora at an angle suffl- 
ebnt to cause the light to be passed to a fbcusing de- 
vice, wtdch Is preferably parabdlo focusing mirror. 
Other fbcustng riavtcea, such as a lena. a ayatem of 
lenses or optica] ftt>era. may be employed In the SLM 
epectrameter of the present invention. Again the fo- 
cusing device and SLM may be oomblned* In turn, the 
parabolic fbcusing mirror focuses the radiation firom 
the activated (or deactivated) aurfece or rorw of mir- 
rors onto a sensor or detector. This detector in turn 
measures the intensity or amount of energy In this 
partleuter wavelength or band of wavelengths. Any 
conventional apectrometar detoctora may be em- 
pbyed In the SLM apectrameter of the pmaent bwen- 
tlon. Prefisrabty, any detector empioyed is aa linear as 
possIUa over as wide a wavelength range as possi- 
bta, to provide a broadband apeotrometer. Howaver. 
known nonlinear portions of a detector may be com- 
pensated fbr by pest-detectton software. 

Accordingly, by aeiectively activating (or deactl- 
vatfng) each row of oelia across the fece of the SLM, 
It Is possible to measure the presence or absence of 
energy at particular wavelengths, corresponding to 
the wavelengths incWent upon the cell array. In this 
manner it is possible to generate a spectrum of wa- 
velengths and the energy aasodated with those wa- 
velengths. Again, the SLM of the present Invention 
may t>e, tor example, but not Iknited to. a deforniable 
mirror devtoe (DM0). a IkfufcJ cryatai dsvtoe (LCD), or 
a magneto-optic modulator, and may employ a linear 
or aeriaf array of such types of devices. 

T^e DMD Is uniquely suited to this because of the 
very small size of the DMD mirrors, it is possible to 
select a very smaO portion of the radiation spectrum 
for intensity measurement by the detector. Currently 
available DMDs have atleast 512 by 512 arrays of ml- 
cromtrrors. Thus, the wavelength spectrum may be 
dlrided Into at least 512 "bands" of wavelengths. In 
addition, a linear DMD having about 3.5 inctias of ao- 
ffvB mirrofs to also oommerdaily available. By In- 
creasing ordecreasbig the "nund^er' of active surfece 
areas on an SLM (fbr a given wavetongth apectrum 
and apadng), it to possible to Increase or decrease 
the resolution of the spectrometer of the present in- 
vention. Tlie resolution may thus be eaal^ selected 
fbr spedfte appltcatlons or uses of the spectrometer. 

However, as noted earlier herein, it Is also possi- 
ble to select the wavelength resoiutton of the spectr- 
ometer by appropriate setectlon of the dispersing 
power of the dlsperatng element and the spacing be- 
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tween th« diaperelng etemerrt and tha 8LM. (n adtfl- 
Oocu to Increase resotutlon. higher onlen of gpactra 
from the dtoperetna element may tw employed as the 
radlaflon spedra supplied to tha SIM. Proper saleo- 
Ifcin or thaaevartablat may ba made after the use of 5 
speotrametar (Le. waveler^h range and resohitlon 
desired) b known. 

It Is ftrther oontemplatad by the present Inven- 
tton to couple the activation (or deactivation} of each 
of the rows of mlrrMs with a mlcroproceaaor (or proo- « 
esaoO and to have the output of the sensor and^orde- 
toctDT d^ttbed (preftraUy after onpltnoation) and 
provided to the mlcroproceasor. In this manner, a d^ 
Ital apectrometar is provided such that the mloopro. 
cesser oontrols and anatyzea the energy level at tha is 
various wavetengtha and provides aa an output a wa- 
velength spectrum corrsspondlng to that measured 
by the detector. The mteroprocesaor may also expose 
the detector to the desired wavelength for a fixed twt 
adJustaUe period of time, depending upon the Intsn- zo 
sity of the radlatfon, to provide an appioprlata stgnal- 
to-nolse latta 

Existing oommerdal and laborahyy spechomet- 
ere use a relatively targe rotating mirror (which vl- 
bmioa mechantoalV) to sweep the spectrum wave- 25 
langtha across the sensor. Tha deformable mirrorde- 
vice, as the prefiamsd SLM of the present invention, 
aelectB. with a very srnal] mirror, the wavelength or 
band of wavelangtha to be pmaanted to the sensor 
In this manner the 8LM spectrometer of the present so 
Invention does not require any mechanical motion of 
the dlsper^ng element to select ths (taquency to be 
scanned by the detaotor. Mora particularly, the SLM 
spectrometer of the present hwenllon only has the 
eiecfrteal or mechanical movement of the acthratad 9s 
(or deacfNated) surface or cell of the SLM, which are 
preferalJly the mteomlrrora on the DMD. Thus, the 
SLM apedrometer of the present invention does not 
require motor driven mfcrore or prisms with i>eartng 
surfaces which wear and change the calibration of 4o 
the spectrometar. In addWon, the SLM spectrometer 
of the present btventlon is not aenaiflve to audi mech- 
anical vibration, alnce the dlaperatng element and 
SLM are fixed. Accordingly, the SLM spectrometerof 
the present Invention Is more sensitive (Le-. of higher 4s 
resolution) and more rugged than conventional 
spectrometere that employ nu>tor driven rotathg mir- 
rore, prisnrts, or gratings. 

In addtflon, catlbratfon of the SLM spectrometer 
of the prssent invention la pertbrmedlv a fixed allgrv so 
ment of the various components, aher spectromet- 
ere require that moving parts be timed and/or tracked 
to know what wavelength (or firequency) la being 
measured. The SLM spectrometer of the present in- 
ventton does not requb« periodie alignment of the « 
apectrometer baaed upon such timing dreuHry. It also 
has the capabDity to have its adjustments "locfced-ln* 
to rsduce any chance of misaltgnnrtent due to vlbra- 


tkms. AddiUonaUy, the apectrometsr Is not required to 
be racallbratBd due to the wear of moving parts. That 
Is, the SLM spectrometar of the preaant Invention 
may be caHbrated. locked In plaoo, andaeated. 

Aa la well known In the art various matertela may 
be identified by the firequenclea of the visible and 
nearvIsibtB Itghtthtf they absorb. The compositfcm of 
complex matsrtala may be predtetad ly comparing 
tha spectre finom known samples to the spectre of un- 
known sampiea. Nondestructive analyab of the com- 
poaKton cf matertafa may be performed using a 
apectrometer of the present inventkm which is capa- 
ble of measuring visible and nearvlalbte llghL 

The data firom a digilal spectrometer of the pres- 
ant Invention may be employed as an Ihput by a proc- 
ess conirol computer and the composition of the ma- 
teria) predicted and oontraned based upon this hpuL 

Spectrum anatyzere employing the concepts of 
the present invention may be Implemented torany fre- 
quency range which is reflected or transmitted by the 

sdeded SLM devtoe and for which a sultabie sensor 
may be employed. 

In addition, poat-detactlon software In a procea- 
aor associated wfth the spectrometer or a aaparata 
proceasor may emptoy apedallzed software to ana- 
lyze the detected Nenaltlea versue wavelength. 
Such eoftware may be so-caHed Hadamaid software, 
which detennlnea the wavelength content from vart- 
oua half-lntsnsity measurementa. That is half of the 
SLM is -activatBd- and suppllea radiation to the detec- 
tor, then the other half Is adhnted. Then combina- 
Ifana of two quarlare are actuated, then combinations 
of fbur eighta, and ao oa Software may also be em- 
ptoyed to compensate fbr known non-linear respona- 
esfipom the detector. 

The SLM spectrometer of the present Inventkwi 
may be employed aa a cdorometsr, wHh or wfthout a 
proceasor and po^-datection aoftware. Cdoromet. 
ere are usad to monitor the color of Ibod products to 
ensure a uniform cdor for the consunter. Post- 
detection software may also be employed to convert 
any detected spectra into spectra corresponding to 
that seen by the human eye. 

An Infrared SLM apedrometer of the present in- 
vention may be particUarlyusefWfordetoctlon of wa- 
ter content In various substances or compounds. For 
IR applications, the active aurfeca of any renedive 
SLM device may need to be increaaad atlghfly to com- 
pensate fbr the tonger IR wavetengtha. 

Referring now to Figure 4 there may be seen a 
general arrangement of an SLM specCronnetBr of the 
present invsntton employed to analyza a aampte In a 
IransnUssive mode. More partteularly, it may be seen 
that there te a bread band wavelength lan«> 400 
which emHs a known wavelength spectra of known In- 
tensity whteh paaaes through the aample 410 to be 
analyzed. Such lamps 400 are commerdally avaBabIa 
and are typicafly incandescent lamps contelning a 
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parttorfar gas or mixture of gases. IhB redlaSon 
amanaHrtfl from the aample 41 0 Is then (bcuted by an 
antianoeatit420tf theSLMapectromaterof the prea. 
ent Invention onto the pifam 430 after whieh ft la ana- 
lyzed Inthe manner daacrlbed^^ s 

Refsrring now to Figure 6 there may be seen a 
general arrangement of an SLM spectrometer of the 
present Invention employed to analyze a sample In a 
reflective mode. Mora particularfy. it nmy be aeen 
that there b again a lamp 500 provkfing a known io 
broad band spectrum of knovm Intenefty whteh b re- 
flected from a sample 510. The radiation reflected 
from the sample 610 Is then focused by an entrance 
silt 520 onto the SUA spectrometer of the present In- 
vention where It Is analyzed aa described herelnb^ i8 
fore. 

Many other variations and modVlcattons may Ira 
made In the apparatus and tschnlquea hereinbefore 
described, by those having experience In this tech- 
ndogy, without departing from the concept of the 20 
prssent Invention. Accordingly, ft should be dearly' 
urrferstood that the apparatua depleted In the acoom- 
psnylng drawfnge and refBrred to In the fbregoing de- 
scrtpllon are fllustrathw only and are not Intended aa 
llmltattons on the scope of the Invention. 28 


CI alma 

1. Aspectrometer comprising; 

e) a dispersing etementfiM-spectrally dispeiB- 
ing radiatbn from a light soun^- 

b) a spatial light modulator positioned to r^ 
cehf9 at least a portion of the dispersed spec^ 
trum from said dispensing element; and 38 

c) a detector for sensing the Intensity of ener- 
gy In a vravelength determined by said spatiai 
light modulator. 

2. The spectrometer of dalml, further comprtslno 40 
aoofllmator. 

3. The spectrometer of daim 1 or daim 2, liirther 
comprising an entrance sliL 

4. The spectrometer of any preceding daim. where- 
in said spatial light modulator may dhrfde the dis- 
persed spectrum Into at least 51 2 bands of wave- 
lengths. 


by which the processor may ecthratte and deectf- 
vato the rewa of spatial l^ht modulatore In le- 
eponse to eald digitized output 

7, The spectiometerofany preceding daim, ftalher 
comprtsing a fbcuslr^ device fbr directing ladla- 
Son Ibrm eald spatial tight modilatore onto a pr«. 
selected focal plane oolnddent with aald detec 
tor. 

8. The spectrometer of dafcn 7, wheieh said focus- 
ing devtee comprises e mirror. 

9, TheapectrometerofdainT.wlTereinsaldtecua. 
ing device comprises a lens. 

10. The epectPometer of eny preceding daim, where- 
In the dispersing dements comprises a prism, 

11 TheepectrometerofanyprecedIngclabn.where- 
In the spatia] Oght modulatorcomprlsas a defbrm- 
able n^rror device. 

1Z Amethodofanalyalngliht, the method compris- 
ing the steps dh 

e) Illuminating a eemple to be analysed with 
Ifght; 

b) spedraOy dispersbig l^ht from saM eanv 
pie; 

c) posffionlng a spatial 1^ modulator to re- 
ceive at least a pcrtton of the eelected order 
of wavelength of eald spectrum; 

d) modulathg eald portton of the eelected or- 
der of wavelength of aald spectrum to direct 
a desired frequency band onto a detecton 

e) detecting the Intensity of energy In saldft^ 
quency band. 

li. T>»e method of daim 12 and further comprising 
the steps ofi 

a) dIgiUEing said detected Intensity; 

b) receiving at a proceseor saM digitized In- 
tense 

c) analysing saki receh^ digitized Intensity; 
and 

d) actlvatlhg and deaothratlng rows of saM 
spatial light modulatore In response to saM 
enalyais. 


«. Thespectrometerofanypr8oedlngclafrn,further 
cwnprishg a processor and wherefri rows of sakJ 
spatial light modulatore may be adhrated and de- 
ecflvated by the processor. 

«. The spectrometer ofdaftn 5 and t^heroon^ 
Ing a dlglttzsr for recehrlng the output of said de- 
tector and provWIng a digitized for said proceasor 
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